This study aimed to examine food safety knowledge and its associations among Australians. An Internet-based nationwide survey of 2,022 consumers was conducted in 2011. Quota sampling was used to ensure that the age, gender, educational background, and state of residence of the respondents were representative of the Australian population. A list of 10 food safety knowledge items was administered along with questions about the respondents' food attitudes, demographics, school education, and diet practices. Overall, the results showed that safety knowledge was relatively poor. Latent class analysis identified two groups of respondents with different levels of food safety knowledge. Poor knowledge was negatively associated with age, the female gender, university education, experience of home economics or health education at school, the use of salt reduction diets, and general interest in food issues. The study's limitations and implications are discussed. 
have completed a home economics course or read broadsheet newspapers. Research conducted by Langiano et al. (14) in Cassino, Italy, observed that women aged 30-39 were more likely to be more knowledgeable about food safety that men. Sanlier (25) also found a direct relationship between knowledge and age and knowledge and education in a research study conducted in Turkey. No significant relationships were observed, however, between food safety knowledge and gender (25). A U.S. meta-analysis of 20 food safety studies found that men, young adults, those without a high school education and those on high incomes were the least knowledgeable about good hygiene and cross-contamination prevention practices (21).
Australians' levels of food knowledge appear to be similar to those in other populations (12, 13, 19, 23) . For example, a study conducted in Melbourne found that 99% of participants reported at least one poor food safety practice, with the most common being poor cooling and storage of cooked foods and poor surface preparation methods (19) . An observational study conducted in 1997 and 1999 found that infrequent and inadequate hand washing and inadequate cleaning of kitchen surfaces were among the most common poor food handling practices performed in Australian home kitchens (12) . The study also showed that observed food handling practices were much worse than those reported in a questionnaire prior to the surveillance period (12) .
Unfortunately all these studies were conducted more than 10 years ago so there is a need to examine present day Australian consumers' food knowledge. Further, the characteristics of consumers with low food safety knowledge remain uncertain. This information is critical to allow food safety campaigns to adequately target at risk consumers.
Food safety knowledge
Therefore, the present study aimed to identify consumers with low food safety knowledge levels who are likely to be at increased risk of food borne illness.
The Food Knowledge Survey conducted at the end of 2011 examined Australian adults' knowledge of a variety of food issues, including food safety. Based on previous research, we hypothesised that age (17) , education (25), female gender (14) and completion of home economics education (17) would be positively related to food safety knowledge. We also considered that the presence of children under 5 years would be likely to expose consumers to high food safety awareness, that the use of special diets (e.g. vegetarian, salt reduced and diabetic diets) would indicate greater awareness of food and health issues and so might increase food safety awareness as would interest in food issues generally.
Materials and Methods
Sampling The Food Knowledge Survey was an internet-based survey conducted nationally during November and December 2011. The survey was conducted by Global Market Insights (GMI), an international market research company. Participants from GMI's database of registered adults living in Australia were invited by email to participate and provided with a link to the survey. Quota sampling was used to ensure that the ages, gender, educational background and state of residence represented the proportions found in the Australian population. Two thousand and twenty two respondents took part in the survey. Questionnaire The questionnaire was designed to determine Australian adults' knowledge of a range of issues related to food including the components of a healthy diet, the nutrient content and health consequences of foods, safe food practices, and a variety of environmental and ethical food issues such as animal welfare and climate change. It was a combination of newly created questions and modified questions from earlier studies.
The food safety section of the questionnaire was a selection of modified questions from a validated survey conducted by Byrd-Bredbenner et al. (8) and a questionnaire used by Jay et al. (6) . Respondents were questioned about their knowledge of appropriate food handling practices in the areas of ready to eat food preparation, defrosting meat, cleaning dishes and food preparation surfaces, refrigerator temperatures, storing and reheating leftovers, and foods that are not recommended for certain groups in the community (Table 1) . Respondents were also asked about their attitudes to a number of food issues including the nutritional properties of foods; cooking and food preparation; food safety; food label reading; the production, processing and distribution of food; food marketing and regulation; food terminology; appropriate serve sizes; the environmental impacts of food production; fair trade; animal welfare; food security and ethical decision-making. The importance of each of the issues was rated using 5 point Likert scales (from Not important (1) to Very important (5)). The responses were summed to form an Attitude score (Cronbach's alpha = 0.95).
In addition, the survey requested background information about the respondents. This included details of the respondents': age, gender, and education status (high school, technical and trade qualifications, university education); the presence of children under 18 years in their household; whether they were the main food shopper or shared the shopping; whether they had attended school home economics or health courses, or health or food education courses in Years 11 and 12 of secondary school; their consumption of vegetarian, semi vegetarian or vegan diets; and consumption of low salt or diabetes control diets.
Data analysis Latent class analysis (LCA) is similar to factor analysis for continuous variables; it accommodates an analogous approach for measuring categorical latent variables (15) . Unlike many multivariate methods, LCA allocates a sample population into mutually exclusive and exhaustive subgroups (10) . Like cluster analysis, it attempts to allocate respondents into one or more groups. In the present study, the response patterns of the nine food knowledge items were subjected to LCA to identify the number of classes (or groups) to which the respondents may belong. LCA was carried out with Mplus version 6.1 (20) . The maximum likelihood estimation method was used to adjust the standard errors of the present analyses.
The performance of two and three latent class models was assessed. Of these competing latent class models, the selection of the best fitting model was subject to several statistical fit indices as well as theoretical considerations. The Akaike information criterion (AIC, 2) and the Bayesian information criterion (BIC, 26) were used to assess the LCA (15) .
In addition, the sample size adjusted BIC (aBIC, 27) was used to determine the number of classes from the competing LCA models (31) . The current analysis included the predictors of class membership (15) in which the suitable latent classes were regressed on participants' background characteristics. All of these factors were considered as possible influences of population heterogeneity on the respondents' item responses. The multinomial logistic regression coefficients for each of the classes were then estimated and compared to the reference class via odd ratios.
Results
The mean age of the participants (n = 2022) was 42.6 ± 14.2 SD years. Just over half were male (50.4%), and most participants (59.6%) were married or living with their partner, and 66.5% did not have children under 18 years living with them. Just under one third (31.3%) had a TAFE or trade qualification; and 31.6% had a university qualification, and 53.8% had studied home economics and/or health at school. Almost two thirds (61.9%) were the primary grocery shopper in their household.
Overall the participants' food safety knowledge was poor. The lowest levels of knowledge related to the areas of freezer temperature, reheating leftovers and washing dishes (29%, 38% and 48% correctly answering these questions, respectively; Table 1 ). Some areas however, were understood better, for example, the washing of fruits and vegetables, refrigerator temperature, and the defrosting of meat. Generally women performed better than men and most of the safety knowledge was associated with whether the respondents were the main shoppers in the households. Respondents' personal background information is presented in Table 2 . Table 3 shows the model fit statistics derived from the LCA from the two-class latent class model and the three-class latent class model for men and women when the 10 items of safe and unsafe food practices and covariates were included in the model. Examination of the fit indices and loglikelihood statistics in Table 3 shows that a twoclass solution provided the most parsimonious description for the male and female data. Two latent classes were identified for both men and women. The response probabilities for each of the 10 food safety practices are presented for each of the latent classes in Table 4 . The classification of the two latent classes was based on these response probabilities.
Latent class results
Notably, men and women classified as members of class 1 were more likely to report higher food safety knowledge than their peers in class 2. In other words, class 1 represents those who performed moderately well on the items (moderate knowledge) and class 2 -those who performed poorly (poor knowledge).
The results of the multinomial logistic regression analyses are presented in Table 5 .
Class 1 (moderate knowledge) is compared with class 2 (poor knowledge) to interpret the effects of the covariates including age, education, main shopper, children's presence at home, studied home economics at school, had food study in year 11 and 12, being on diabetes diet, being on low salt diet, being on vegetarian diet, and attitudes toward food on the latent class membership. The estimated log odds coefficients and the corresponding log odds confidence intervals were then converted into odds ratios and their confidence intervals. Table 5 shows the odds ratios and their 95% intervals. These results suggest that for men as age increases, the odds of being in class 1 (moderate knowledge) versus class 2 (poor knowledge) were over two times higher (OR=2.20). For men who reported having attended home economics or health classes at school, the odds of being in class 1 (moderate knowledge) versus class 2 (poor knowledge) were nearly two and half times higher than for men who did not attend home economics or health classes at school (OR=2.45). Men who reported having had undertaken food studies in year 11 and 12, or who were on diabetes diet, or on vegetarian diet were less likely to be in class 1 (moderate knowledge) versus class 2 (poor knowledge). Finally, for men who were on low salt diets, the odds of being in class 1 (moderate knowledge) versus class 2 (poor knowledge) were increased nearly two and half times (OR=2.41).
Among women, for those who had higher levels of education and more positive attitudes toward food, the odds of being in class 1 (moderate knowledge) versus class 2 (poor knowledge) were one and half times higher than for women who had lower education (OR=1.5) and negative food attitudes (OR=1.48). As age increased, the odds of a woman being in class 1 (moderate knowledge) versus class 2 (poor knowledge) were over two times higher (OR=2). For women who reported having attended home economics or health classes at school, the odds of being in class 1 (moderate knowledge) versus class 2 (poor knowledge) were over three and half times higher than for women who did not attend these classes (OR=3.69). Moreover, women who reported having undertaken food studies in years 11 and 12, were less likely to be in class 1 (moderate knowledge) versus class 2 (poor knowledge).
Discussion
This study showed that respondents' knowledge of the assessed areas of food safety generally was moderate at best, though some areas of food safety were understood better than others. However, the study has also shown that there are two groups of consumers, a substantial minority with poor knowledge and a majority with 'moderate' knowledge of food safety. Furthermore, membership of these two groups was associated with several demographic, educational and behavioral variables.
The poor state of consumers' knowledge, as measured by the items used in this study, is consistent with findings from previous studies in Australia and around the world (12, 19, 21) . However, the better levels of knowledge about the washing of fruits and vegetables, defrosting of meat and refrigerator temperatures is important as they suggest that communication activities by government and industry organisations over the past decade may have influenced consumers. However, it is clear that there are low levels of knowledge about some crucial areas such as storing hot meals for several hours, food safety for pregnant women, infants and children, and the reheating of leftovers. The identification of two groups of consumers with contrasting levels of knowledge was made possible through the LCA analysis which is suited to the analysis of categorical data (in this case, true/false items). It provides an elementary segmentation of the population according to food safety knowledge.
The multinomial regression results provide some description of the two groups that could be used to tailor communications to them (Table 5) .
Some of the characteristics of the group with poor knowledge are familiar to public health workers; they tended to be male, and less educated than those with better knowledge.
These men tend to be less motivated to follow prudent health practices and at greater risk of health problems than women and higher educated groups (17) . The findings, however, go further than identifying the well-known gender/socio economic status divide (16) . They show that food safety knowledge is positively related to attitudes to (or interest in) a wide range of food issues, and in varying ways to school educational experience and dietary practices.
This association of safety knowledge with attitudes to food issues is unsurprising since most cognitive behavior models such as the Theory of Planned Behavior (1) posits a strong relationship between attitudes and beliefs. However, the present findings do suggest that food safety knowledge depends on broader interest in food issues; if consumers do not have positive attitudes to food issues then they are less likely to know about food safety. Perhaps communication programs might focus on motivating uninterested consumers to become more interested in food by focusing on issues that motivate them, such as the cost of food or the social acceptability of food.
The age of the respondents was a major predictor of food safety knowledge. The older the respondents were, the better their food safety knowledge. This may be because of the greater experience of people with safety issues as they age and their greater exposure to food safety communications. It might also be due to increasing sensitisation to safety requirements as they age, part of the greater awareness of mortality that is claimed to accompany aging (18) . This finding suggests that older people may be more responsive to safety communications and could play roles in the dissemination of food safety information.
The association with exposure to school home economics or health education suggests that school education actually does communicate lasting food safety knowledge. Whilst this finding confirms the that of McCarthy et al. (17) , it does require further investigation. The possible effects of home economics and health education need to be separated, and more detail of these forms of educational experiences need to be gathered. The negative relationship of secondary school food education in years 11 and 12 is puzzling. It suggests that respondents who had taken these courses were less likely to have moderate food safety knowledge. It may be due to an overemphasis on technological issues in these courses to the detriment of practical safety knowledge. It is important that this finding is confirmed and investigated further.
The observed relationships with dietary practices were largely unexpected. However, together with the food attitudes finding, they show that food safety knowledge is clearly related to dietary practices including diabetes control diets, low salt diets, and vegetarian diets. The relationships of dieting practices with safety knowledge were varied -vegetarian and diabetic diets were negatively related, salt reduction diets were positively linked to better knowledge. Salt reduction may be akin to food safety in that both require attention to technical detail whilst vegetarianism and diabetes diets are major dietary changes that may lead to more concentration on the diets rather than food safety knowledge. The participants who followed a salt reduction diet had significantly more positive attitudes towards food issues than those on normal diets. Therefore, it would be important to identify the motivations of these groups, for example, their interest in prevention of disease or in food preparation more broadly, so that food safety messages could be more carefully targeted. Again, these findings require confirmation in further research.
Implications for food safety communication and policy These findings confirm
earlier reports that, with some exceptions, the public's general knowledge about food safety is not high. The main novel findings here are the identification of two knowledge groups and the various factors which predict membership of these groups. This suggests that there are at least two target groups of consumers for food safety communications and that these groups have several risk factors which influence their knowledge. Communication programs could be tailored to the needs and interests of these two groups, for example, people on vegetarian and diabetic diets might be explicitly targeted with food safety information. Programs might be designed for younger people as their knowledge is poorer than that of older people, and more emphasis might be given to the teaching of food safety in secondary school health, food and home economics courses.
Consumers' food preparation behaviors have changed over recent decades. For example, the items related to cleaning of cutting boards that have been adapted from the earlier studies may not be as relevant to current food practices as they once were, for example, today, many people buy chopped or diced raw foods that are ready to cook. Therefore, in future research, we need to examine the safety knowledge that is relevant to current food practices. This implies that we need to monitor food practices regularly. Conclusions The public's knowledge of food safety is not high. There are two groups of consumers with low and moderate levels of food safety knowledge. Food safety knowledge is associated with age, genders, school education, food attitudes and dietary practices. 
Limitations and research directions

